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Zk| Gr Glvwuhvvhg Frpsdqlhv Fkrrvh GhodzduhB Dq
Hpslulfdo Dqdo|vlv ri Yhqxh Fkrlfh lq Edqnuxswf|
Nhqqhwk P1 D|rwwh dqg Gdylg D1 Vnhho/ Mu1
Pd| 54/ 5336

Devwudfw
Zh dqdo|}h d vdpsoh ri odujh Fkdswhu 44 fdvhv wr ghwhuplqh zklfk idfwruv prwlydwh
wkh fkrlfh ri olqj lq rqh frxuw ryhu dqrwkhu zkhq d fkrlfh lv dydlodeoh1 Zh irfxv lq
sduwlfxodu rq wkh Ghodzduh frxuw/ zklfk ehfdph wkh prvw srsxodu yhqxh iru odujh fru0
srudwlrqv lq wkh 4<<3v1 Zh qg qr hylghqfh ri djhqf| sureohpv jryhuqlqj wkh yhqxh
fkrlfh ru dhfwlqj wkh rxwfrph ri wkh edqnuxswf| surfhvv1 Lqvwhdg/ up fkdudfwhulvwlfv
dqg frxuw fkdudfwhulvwlfv/ sduwlfxoduo| d frxuw*v ohyho ri h{shulhqfh/ duh wkh prvw lpsru0
wdqw idfwruv1 Zh qg wkdw frxuw h{shulhqfh pdqlihvwv lwvhoi lq erwk d juhdwhu delolw| wr
uhrujdql}h pdujlqdo upv dqg lq uhrujdql}lqj vxfk upv idvwhu1 Ghodzduh lv vlplodu wr
rwkhu kljk0h{shulhqfh frxuwv lq whupv ri wkh olnholkrrg ri uhrujdql}dwlrq frqwuroolqj iru
up fkdudfwhulvwlfv/ exw lv d vwdqgrxw lq whupv ri vshhg1 Zh hvwlpdwh wkdw d Ghodzduh
edqnuxswf| uhtxluhv dssur{lpdwho| 73( ohvv wlph wr frpsohwh wkdq dq htxlydohqw fdvh
lq dqrwkhu frxuw1
 Froxpeld Exvlqhvv Vfkrro dqg Xqlyhuvlw| ri Shqqv|oydqld Odz Vfkrro/ uhvshfwlyho|1

Zh zrxog olnh wr
wkdqn Sdwulfn Erowrq/ Odxulh Krgulfn/ Hg Pruulvrq/ Gdylg Vnhlh/ Udqgdoo V1 Wkrpdv dqg vhplqdu sduwlflsdqwv
dw wkh Dphulfdq Odz dqg Hfrqrplfv Dvvrfldwlrq/ Froxpeld Odz Vfkrro/ dqg Froxpeld Exvlqhvv Vfkrro
Ilqdqfh Oxqfk iru khosixo glvfxvvlrqv dqg frpphqwv1
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Lqwurgxfwlrq

Zkhq sxeolfo| khog frusrudwlrqv oh iru edqnuxswf| lq wkh Xqlwhg Vwdwhv/ wkh| riwhq kdyh
d udqjh ri fkrlfhv dv wr zkhuh wr oh wkhlu edqnuxswf| shwlwlrq1 Lq uhfhqw |hduv/ lqfuhdvlqj
qxpehuv ri frusrudwh ghewruv kdyh xvhg wklv h{lelolw| wr hqjdjh lq yhqxh vkrsslqj wkdw
lv/ wkh| kdyh frqvlghuhg wkh ehqhwv ri sduwlfxodu edqnuxswf| frxuwv/ udwkhu wkdq lqyduldeo|
olqj iru edqnuxswf| lq wkh frxuw forvhvw wr wkh ghewru*v sulqflsdo rshudwlrqv1 D glvsursru0
wlrqdwh shufhqwdjh ri frusrudwh ghewruv wrrn wkhlu edqnuxswf| fdvhv wr Ghodzduh lq wkh 4<<3v/
d ghyhorsphqw wkdw kdv ohg wr yljrurxv ghedwh dprqj erwk dfdghplfv dqg edqnuxswf| surihv0
vlrqdov/ dv zhoo dv d ohjlvodwlyh sursrvdo wkdw zrxog kdyh holplqdwhg d yhqxh rswlrq iru pdq|
frusrudwlrqv1
Lq wklv sdshu/ zh dqdo|}h d vdpsoh ri Fkdswhu 44 fdvhv lq wkh 4<<3v wr ghwhuplqh zk|
frusrudwh ghewruv fkrrvh wr oh lq rqh frxuw udwkhu wkdq dqrwkhu zkhq d fkrlfh lv dydlodeoh1
Zh wkhq frqvlghu wkh zd|v lq zklfk wkh fkrlfh ri frxuw fdq dhfw wkh rxwfrph ri d edqnuxswf|
fdvh1 Vlqfh wkh Ghodzduh frxuw zdv wkh yhqxh ri fkrlfh gxulqj wklv shulrg/ wkh dqdo|vlv zloo
irfxv pdlqo| rq wkh fkrlfh ri olqj lq Ghodzduh yhuvxv wkh qhduhvw krph frxuw dv d zlqgrz
lqwr wkhvh eurdghu txhvwlrqv1 Zkloh wkh uhvxowv vkhg oljkw rq wkh ghedwh ryhu wkh uhodwlyh
h!flhqf| ri wkh Ghodzduh frxuw lq sduwlfxodu/ zh eholhyh wkh| dovr uh hfw xsrq odujhu lvvxhv
frqfhuqlqj wkh qdwxuh ri frpshwlwlrq dprqj vwdwhv iru frusrudwh exvlqhvv lq frqwh{wv rxwvlgh
ri edqnuxswf|1
Wkh nh| lvvxh dw kdqg lv zkhwkhu frxuw frpshwlwlrq iru edqnuxswf| fdvhv fuhdwhv d udfh
wr wkh wrs ru d udfh wr wkh erwwrp1 Wkh ehqhwv ri vwdwh0ohyho frpshwlwlrq kdv ehhq flwhg
erwk iru lwv delolw| wr fuhdwh d phqx ri rswlrqv/ dqg iru wkh sxuh h!flhqf| jdlqv qrupdoo|
dvvrfldwhg zlwk frpshwlwlrq +Urpdqr +4<<;,,1 Rq wkh rwkhu kdqg/ djhqf| sureohpv zlwklq
wkh up pljkw jhqhudwh frpshwlwlrq wrzdug vhuylfhv wkdw duh prvw idyrudeoh wr wkrvh pdnlqj
wkh yhqxh fkrlfh +pdqdjhuv dqg wkhlu edqnuxswf| dwwruqh|v, udwkhu wkdq up ydoxh dv d
zkroh1

Lq wkh edqnuxswf| vhwwlqj/ frxuwv pljkw frpshwh iru fdvhv e| rhulqj d surfhgxuh

wkdw idyruv pdqdjhphqw1 Mxgjhv lq d sduwlfxodu frxuw/ iru h{dpsoh/ fdq ghyhors d uhsxwdwlrq
iru jhqhurxvo| h{whqglqj pdqdjhphqw*v h{foxvlylw| shulrg wr oh d uhrujdql}dwlrq sodq1 E|
jlylqj dgglwlrqdo edujdlqlqj srzhu wr pdqdjhphqw dqg htxlw| kroghuv wkurxjk wkh delolw| wr
ghod|/ wkh frxuw fdq vnhz wkh hyhqwxdo glvwulexwlrq ri fodlpv wrzdug d odujhu ghyldwlrq iurp
devroxwh sulrulw|/ ru doorz wkh up wr hphujh dv d jrlqj0frqfhuq zkhq fuhglwruv zrxog suhihu
wr oltxlgdwh1
Zh whvw iru wklv ehkdylru e| jdwkhulqj gdwd rq wkh pdqdjhphqw ri upv wkdw oh iru
Fkdswhu 44/ wr whvw zkhwkhu yduldeohv dvvrfldwhg zlwk juhdwhu FHR lq xhqfh +htxlw| vkduh/
5

frpshqvdwlrq/ whqxuh, duh deoh wr suhglfw d whqghqf| wr vhhn ru dyrlg Ghodzduh zkhq d fkrlfh
zdv dydlodeoh1 Zh dovr whvw wr vhh li wkhvh fkdudfwhulvwlfv lq xhqfh wkh rxwfrph ri wkh fdvh1
Rq wklv glphqvlrq/ zh qg qr hylghqfh wkdw pdqdjhuldo fkdudfwhulvwlfv gulyh yhqxh fkrlfh lq
edqnuxswf|/ ru kdyh qrwlfhdeoh hhfwv rq wkh rxwfrph1 Zh dovr qg qr hylghqfh vxjjhvwlqj
frxuwv jdlqhg exvlqhvv e| doorzlqj pruh olehudo ghyldwlrqv iurp devroxwh sulrulw|1 Zkloh wkhvh
duh qrw wkh rqo| srvvleoh irupv ri d udfh wr wkh erwwrp lq edqnuxswf| frxuw frpshwlwlrq/
rxu uhvxowv vxjjhvw wkdw wklv grhv qrw wdnh sodfh wkurxjk frxuwv rhulqj iulhqgo| surfhgxuhv
wr pdqdjhphqw ru wkh htxlw| kroghuv wkh| uhsuhvhqw1
Lqvwhdg/ wkh Ghodzduh frxuw hphujhv dv dq lpsruwdqw rswlrq iru upv wkdw vwdqg wr jdlq wkh
prvw iurp lwv h{shuwlvh lq kdqgolqj odujh edqnuxswf| fdvhv1 Zh qg wkdw upv khdgtxduwhuhg
lq vwdwhv zkrvh frxuwv kdyh ohvv fdvh h{shuwlvh duh wkh prvw olnho| wr lqfxu wkh frvwv ri olqj
lq Zloplqjwrq1 Lq wklv vhqvh/ Ghodzduh surylghv dq dydlodeoh ghidxow yhqxh zkhq wkh krph
yhqxh lv lqdghtxdwho| h{shulhqfhg1 Zh qg/ krzhyhu/ wkdw wklv dowhuqdwlyh yhqxh lv qrw htxdoo|
dffhvvleoh e| doo upv= d juhdwhu glvwdqfh iurp Ghodzduh pdnhv d up ohvv lqfolqhg wr oh wkhuh/
dqg wklv glvwdqfh frvw lv sduwlfxoduo| odujh iru wkh vpdoohu upv lq rxu vdpsoh1
Zh h{dplqh wkuhh srvvleoh zd|v wkdw wkh fkrlfh ri yhqxh fdq pdwwhu= wkh hyhqwxdo rxwfrph
+zkhwkhu wkh up lv oltxlgdwhg/ vrog/ ru uhrujdql}hg,/ ghyldwlrqv iurp sulrulw| +phdvxuhg e|
wkh olnholkrrg wkdw htxlw| uhfhlyhv d ydoxdeoh fodlp, dqg wkh ohqjwk ri wlph vshqw lq edqnuxswf|
iru upv wkdw uhrujdql}h1

Rq wkh rxwfrph dqg wlph glphqvlrqv/ odujh glhuhqfhv h{lvw

ehwzhhq h{shulhqfhg dqg lqh{shulhqfhg frxuwv1

Zh qg wkdw fdvhv lq frxuwv zlwk ehorz0

phgldq h{shulhqfh duh vljqlfdqwo| ohvv olnho| wr uhvxow lq uhrujdql}dwlrq/ frqwuroolqj iru wkh
up*v revhuydeoh fkdudfwhulvwlfv1 Wkhvh ohvv h{shulhqfhg frxuwv duh dovr vorzhu wr surfhvv wkh
upv wkdw hyhqwxdoo| hphujh dv jrlqj0frqfhuqv1 Zkloh ohvv0h{shulhqfhg frxuwv dsshdu voljkwo|
pruh olnho| wr doorz ghyldwlrqv iurp devroxwh sulrulw|/ wkh glhuhqfhv duh qrw vwdwlvwlfdoo|
vljqlfdqw1
Wkh Ghodzduh frxuw dsshduv vlplodu wr lwv kljk0h{shulhqfh shhu frxuwv lq whupv ri wkh upv
lw uhrujdql}hv/ exw lw lv dq rxwolhu lq whupv ri vshhg1 Frqwuroolqj iru rwkhu fkdudfwhulvwlfv/ rxu
hvwlpdwhv lqglfdwh wkdw Ghodzduh fdvhv duh ryhu 533 gd|v idvwhu wkdq dq htxlydohqw fdvh ohg
lq dqrwkhu frxuw1

Wkhvh glhuhqfhv shuvlvw zkhq zh xvh elyduldwh surelw dqg lqvwuxphqwdo

yduldeohv phwkrgv wr fruuhfw iru wkh hqgrjhqhlw| ri wkh Ghodzduh yhqxh fkrlfh zlwk uhvshfw
wr edqnuxswf| rxwfrphv1 Wkurxjkrxw rxu dqdo|vlv/ wkh qxpehu ri hpsor|hhv lq d up kdv d
vwurqj h{sodqdwru| srzhu lq erwk wkh olqj ghflvlrq dqg wkh ohqjwk ri wlph vshqw lq Fkdswhu
441

Kljk0hpsor|hh upv/ hyhq zkhq frqwuroolqj iru errn ydoxh dqg vdohv/ duh pruh olnho|

wr oh lq Ghodzduh/ dqg lw lv wkhvh upv wkdw wdnh wkh orqjhvw wr uhrujdql}h1 Zh srvlw wkdw
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hpsor|hhv/ udwkhu wkdq errn ydoxh ru ohyhudjh/ pd| eh dq hpslulfdo sur{| iru wkh frpsoh{lw|
ri d edqnuxswf| fdvh1

5

Edfnjurxqg dqg Uhodwhg Olwhudwxuh

Zkhq d frusrudwlrq ghflghv wr oh iru edqnuxswf|/ lwv fkrlfh ri srvvleoh olqj orfdwlrqv lv
ghwhuplqhg e| edqnuxswf|*v yhqxh surylvlrq1 Xqghu wklv surylvlrq/ frusrudwh ghewruv fdq oh
iru edqnuxswf| lq dq| ri irxu orfdwlrqv= wkh glvwulfw zkhuh wkh frusrudwlrq lv grplflohg/ wkh
glvwulfw zkhuh wkh ghewru kdv lwv sulqflsdo sodfh ri exvlqhvv/ wkh glvwulfw zkhuh lwv sulqflsdo
dvvhwv duh orfdwhg/ ru dq| glvwulfw zkhuh dq d!oldwh ri wkh ghewru kdv douhdg| ohg iru edqn0
uxswf|1 Wkh uvw wkuhh dowhuqdwlyhv fryhu doo ri wkh reylrxv srvvleoh olqj orfdwlrqv> dqg wkh
odvw dowhuqdwlyh gudpdwlfdoo| h{sdqgv wkhvh fkrlfhv/ vlqfh lw jlyhv wkh frusrudwlrq wkh uljkw wr
vhohfw dq| glvwulfw zkhuh dq| rqh ri lwv vxevlgldulhv fdq oh iru edqnuxswf|1
Lw kdv dozd|v ehhq fohdu wkdw glhuhqfhv dprqj edqnuxswf| glvwulfwv zkrvh mxgjhv pd|
kdyh yhu| glhuhqw dssurdfkhv dqg ohyhov ri h{shuwlvh fdq kdyh d vljqlfdqw hhfw rq wkh
rxwfrph ri d fdvh1 Uhfrjql}lqj wklv/ frusrudwh ghewruv ehjdq lq wkh 4<;3v wr pdnh xvh ri
wkh h{lelolw| ri wkh edqnuxswf| yhqxh surylvlrq/ dqg wr fduhixoo| vhohfw wkh glvwulfw zkhuh
wkh| ohg wkhlu edqnuxswf| fdvh1 Wkurxjkrxw wkh 4<;3v/ d glvsursruwlrqdwh shufhqwdjh ri wkh
odujhvw frusrudwh ghewruv judylwdwhg wrzdug d vlqjoh glvwulfw= wkh Vrxwkhuq Glvwulfw ri Qhz
\run1 Iru qhduo| d ghfdgh/ Qhz \run vhuyhg dv wkh sulqflsdo edqnuxswf| frxuw iru wkh qdwlrq*v
prvw surplqhqw Fkdswhu 44 fdvhv1
Lq 4<<3/ wklv sdwwhuq vxgghqo| fkdqjhg1 Zkhq Frqwlqhqwdo Dluolqhv hqfrxqwhuhg qdqfldo
glvwuhvv/ lw fkrvh wr oh lq Ghodzduh/ lwv vwdwh ri lqfrusrudwlrq1 Ghodzduh kdg d vlqjoh mxgjh
zkrvh pdqdjhdeoh frxuw grfnhw hqdeohg khu wr kdqgoh edqnuxswf| pdwwhuv txlfno|> dqg wkh
vwdwh ri Ghodzduh zdv douhdg| zhoo nqrzq iru lwv frusrudwh fxowxuh1 Iroorzlqj Frqwlqhqwdo*v
vxffhvvixo uhrujdql}dwlrq lq Ghodzduh/ wkhvh dwwulexwhv dwwudfwhg dq lqfuhdvlqj qxpehu ri odujh
edqnuxswf| ghewruv wr Ghodzduh1 E| 4<<9/ Ghodzduh kdg frpsohwho| glvsodfhg Qhz \run dv wkh
edqnuxswf| glvwulfw ri fkrlfh iru odujh frusrudwh ghewruv1 Gxulqj wkh vhfrqg kdoi ri wkh 4<<3v/
Ghodzduh*v edqnuxswf| frxuwv dfklhyhg qhduo| dv grplqdqw d uroh lq frusrudwh edqnuxswf| dv
Ghodzduh*v vwdwh ohjlvodwxuh dqg frxuwv hqmr| lq frusrudwlrq odz jhqhudoo|1
Wklv grplqdqfh fuhdwhg d juhdw ghdo ri frqwuryhuv|1 Lq 4<<:/ wkh qdo uhsruw ri wkh
Qdwlrqdo Edqnuxswf| Uhylhz Frpplvvlrq lqfoxghg d uhfrpphqgdwlrq wkdw Frqjuhvv uhpryh
vwdwh ri lqfrusrudwlrq dv d yhqxh rswlrq/ d uhfrpphqgdwlrq wkdw zdv ghvljqhg wr suhfoxgh
odujh frusrudwh ghewruv iurp olqj iru edqnuxswf| lq Ghodzduh1 D edqnuxswf| eloo lqwurgxfhg
7

lq Frqjuhvv lq 4<<; frqwdlqhg d vlplodu uhvwulfwlrq/ exw lw kdv qhyhu ehhq hqdfwhg1 Gxulqj wklv
vdph wlph iudph/ Ghodzduh*v glvwulfw frxuw ixuwkhu urlohg wkh zdwhuv e| wdnlqj frqwuro ri wkh
dvvljqphqw ri Ghodzduh*v edqnuxswf| fdvhv iurp wkh edqnuxswf| frxuw/ dqg gluhfwlqj vrph ri
wkh fdvhv wr Ghodzduh*v glvwulfw frxuw mxgjhv1 Wkh glvwulfw frxuw*v dfwlrq zdv rvwhqvleo| wdnhq
lq rughu wr khos uholhyh wkh edqnuxswf| frxuw*v exv| fdvhordg/ exw pdq| revhuyhuv dwwulexwhg
lw wr wkh frqwuryhuv| derxw Ghodzduh*v uroh dv edqnuxswf| yhqxh ri fkrlfh1
Wkhvh sdwwhuqv ri yhqxh vkrsslqj lq edqnuxswf| kdyh ixhohg d ghedwh lq wkh ohjdo dfdg0
hplf olwhudwxuh d ghedwh wkdw pluuruv lq vljqlfdqw uhvshfwv wkh frqwuryhuv| ryhu Ghodzduh*v
orqj0vwdqglqj uroh dv wkh qdwlrq*v prvw lpsruwdqw vwdwh ri lqfrusrudwlrq iru sxeolfo| khog
frusrudwlrqv1 Rqh ylhz/ dgydqfhg lq Vnhho +4<<;/ 5333/ 5334,/ dfnqrzohgjhv wkdw Ghodzduh*v
edqnuxswf| frxuwv duh olplwhg lq lpsruwdqw uhvshfwv e| wkh idfw wkdw edqnuxswf| lv uhjxodwhg
e| Frqjuhvv udwkhu wkdq wkh vwdwhv/ exw frqfoxghv wkdw Ghodzduh*v frusrudwh fxowxuh dqg wkh
lpsruwdqfh ri edqnuxswf| wr orfdo lqwhuhvwv hqvxuh wkdw lwv edqnuxswf| mxgjhv zloo vhuyh dv
hhfwlyh ryhuvhhuv ri wkh qdwlrq*v prvw lpsruwdqw edqnuxswf| fdvhv1 Wkh idfwruv wkdw vhhp
wr pdnh Ghodzduh dwwudfwlyh lqfoxgh wkh frxuw*v vshhg dqg dgplqlvwudwlyh h!flhqf|/ dqg wkh
h{shuwlvh ri lwv edqnuxswf| mxgjhv1
Lq frqwudvw/ d vhulhv ri sdshuv e| OrSxfnl dqg frdxwkruv +Hlvhqehuj ) OrSxfnl +4<<;,>
OrSxfnl ) Ndolq +5334,> OrSxfnl ) Grkhuw| +5335,, frqwhqg wkdw hruwv wr dwwudfw fdvhv kdyh
fuhdwhg d udfh wr wkh erwwrp1 Vlqfh mxgjhv kdyh dq lqfhqwlyh wr fdwhu wr wkh sduwlhv vxfk
dv pdqdjhuv ru edqnuxswf| odz|huv zkr pdnh wkh olqj ghflvlrq/ wkhvh zrunv vxjjhvw wkdw
Ghodzduh*v mxgjhv pd| eh wrr od{ lq vfuxwlql}lqj uhrujdql}dwlrq sursrvdov1 Hpslulfdo uhvxowv
lq wkhvh vwxglhv irfxv rq wkh srvw0edqnuxswf| shuirupdqfh ri Ghodzduh dqg Qhz \run fdvhv
frpsduhg wr rwkhu yhqxhv/ qglqj wkdw upv olqj lq wkhvh pruh srsxodu yhqxhv zhuh pruh
olnho| wr uhylvlw Fkdswhu 441
D wklug/ lqwhuphgldwh ylhz +Udvpxvvhq ) Wkrpdv +5334,, glvwlqjxlvkhv ehwzhhq suhsdfn0
djhg edqnuxswf| fdvhv wkdw lv/ frusrudwh uhrujdql}dwlrqv wkdw duh qhjrwldwhg dqg yrwhg rq eh0
iruh wkh ghewru hyhu ohv iru edqnuxswf| dqg wudglwlrqdo edqnuxswf| fdvhv1 Ehfdxvh suhsdfnv
duh djuhhg wr lq dgydqfh e| doo ri wkh uhohydqw sduwlhv/ wkh sduwlhv duh olnho| wr fkrrvh wkh prvw
h!flhqw glvwulfw zkhq wkh| oh wkhlu fdvhv1 Zlwk wudglwlrqdo uhrujdql}dwlrqv/ djhqf| lvvxhv
ehwzhhq pdqdjhuv dqg fodlpkroghuv duh pruh suhydohqw1
Wklv sdshu frqvlghuv wkh vljqlfdqfh ri frusrudwh ghewruv* yhqxh fkrlfh iurp d vrphzkdw
glhuhqw shuvshfwlyh wkdq suhylrxv hpslulfdo zrun rq wklv vxemhfw1 Zh dwwhpsw wr ghwhuplqh
wkh prwlyhv xqghuo|lqj yhqxh fkrlfh/ dqg wkh zd| wkh fkrlfh ri frxuwv fdq dhfw wkh rxwfrph
ri d fdvh dorqj wkuhh glphqvlrqv= xvh ri dvvhwv +uhrujdql}dwlrq ru oltxlgdwlrq,/ ghyldwlrq iurp

8

sulrulw|/ dqg wlph vshqw lq edqnuxswf|14

Xqolnh idfwruv uhodwhg wr srvw0edqnuxswf| shuiru0

pdqfh +dv h{dplqhg lq OrSxfnl dqg Grkhuw| +5335,, zh eholhyh wkhvh duh phdvxuhv ryhu zklfk
wkh frxuw kdv d yhu| gluhfw lq xhqfh/ dqg pljkw gluhfwo| lq xhqfh yhqxh fkrlfh dv d uhvxow1
Zh dovr ghsduw iurp suhylrxv vwxglhv e| jhqhudwlqj d qxphulfdo sur{| iru frxuw h{shulhqfh
wkdw gulyhv pdq| ri wkh xqghuo|lqj uhvxowv1 Lq wklv uhvshfw/ wkh uhvxowv vxjjhvw d ixqgdphqwdo
fdxvh iru glhuhqfhv dprqj frxuwv wkdw fdq h{whqg wr rwkhu frqwh{wv1

6

Gdwd Ghvfulswlrq

Wkh ruljlqdo vdpsoh ri upv zdv froohfwhg iurp wkh Edqnuxswf| GdwdVrxufh/ zklfk kdv uhfrugv
ri doo Fkdswhu 44 edqnuxswflhv ri upv zlwk dvvhwv ri dw ohdvw '83 ploolrq1 Wkh GdwdVrxufh
surylghv prqwko| xsgdwhv rq pdmru ghyhorsphqwv lq wkh Fkdswhu 44 surfhhglqj/ lqfoxglqj
vxppdulhv ri sursrvhg sodqv ri uhrujdql}dwlrq/ zkhwkhu wkh fdvh zdv suhsdfndjhg/ dqg wkh
gdwhv rq zklfk sodqv duh frquphg ru frqyhuwhg wr Fkdswhu : oltxlgdwlrqv1 Lw dovr olvwv vxp0
pdu| lqirupdwlrq derxw wkh up/ iurp zklfk zh uhfrughg wkh vwdwh ri wkh up*v khdgtxduwhuv/
dqg wkh frxuw dqg wkh mxgjh suhvlglqj ryhu wkh Fkdswhu 44 fdvh1 Wkh ruljlqdo vdpsoh iru wklv
vwxg| frqvlvwv ri doo vxfk upv olqj iru Fkdswhu 44 ehwzhhq 4<<3 dqg 4<<</ iru zklfk wkh
GdwdVrxufh lqfoxghg edodqfh vkhhw lqirupdwlrq dqg olvwhg wkh up*v h{hfxwlyh r!fhuv> 635
edqnuxswflhv phw wklv lqlwldo txdolfdwlrq1 Ilupv olqj wzlfh zlwklq wkh vdpsoh shulrg zhuh
fodvvlhg dv vhsdudwh revhuydwlrqv1 Erwk wkh pdqdjhuldo dqg edodqfh vkhhw gdwd zhuh odwhu
uhsodfhg ehfdxvh wkh GdwdVrxufh riwhq glg qrw uhsruw wkh prvw uhfhqw gdwd dydlodeoh sulru wr
wkh edqnuxswf| olqj1
Wkh Edqnuxswf| GdwdVrxufh uhfrugv zhuh vxssohphqwhg zlwk up fkdudfwhulvwlfv iurp
FRPSXVWDW/ xvlqj wkh gdwd forvhvw wr exw qrw diwhu wkh gdwh wkh up ohg iru Fkdswhu 441
Lq rughu iru wkh up*v gdwd wr eh frqvlghuhg ydolg/ wkh up pxvw kdyh ohg d 430N vwdwhphqw
zlwklq 4; prqwkv ri wkh edqnuxswf| gdwh= wklv lv wr hqvxuh wkdw up gdwd vxfk dv dffrxqwlqj
uhwxuqv dqg vl}h phdvxuhv dffxudwho| uh hfw wkh up*v vwdwh sulru wr lwv edqnuxswf| olqj1
Vlqfh lw lv frpprq iru upv wr iruvdnh wkhlu VHF olqjv lq wkh zdnh ri edqnuxswf|/ vhyhudo
revhuydwlrqv zhuh orvw dw wklv vwdjh1
Pdqdjhuldo gdwd/ lqfoxglqj FHR rzqhuvkls/ lghqwlw|/ dqg whqxuh/ zdv froohfwhg iurp lqgl0
ylgxdo VHF olqjv/ dorqj zlwk wkh up*v vwdwh ri lqfrusrudwlrq1 Prvw riwhq wklv gdwd fdph
4 Zh

duh qrw wkh uvw wr h{dplqh wkh vshhg lvvxh= Hlvhqehuj dqg OrSxfnl +4<<;, qg d vl}hdeoh exw vwdwlv0
wlfdoo| lqvljqlfdqw vshhg hhfw iurp olqj lq Ghodzduh> wkh vshhg hhfw lv vwdwlvwlfdoo| vljqlfdqw lq Fdudshwr
+4<<<,1
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iurp 430N dqg sur{| vwdwhphqwv1 Lq vrph lqvwdqfhv/ gdwd iurp olqjv diwhu wkh edqnuxswf|
gdwh zhuh xvhg lq sodfh ri sulru gdwd dv orqj dv lw frxog eh xvhg wr lqihu wkh fkdudfwhulvwlfv
ri wkh FHR2up wkdw shuvlvwhg prvw forvho| wr/ exw qrw diwhu/ wkh edqnuxswf| gdwh1 Ilqdoo|/
dv phdvxuhv ri edqnuxswf| fdvh h{shulhqfh e| vwdwh/ zh xvhg wkh dyhudjh qxpehu ri exvlqhvv
Fkdswhu 44 fdvhv ohg lq 4<<: shu frxuw iru hdfk vwdwh/ dv olvwhg rq wkh Ihghudo Mxglfldu|*v
zhe vlwh1 Zh djjuhjdwh wkh qxpehu ri Fkdswhu 44 fdvhv dw wkh vwdwh ohyho/ udwkhu wkdq lq hdfk
glvwulfw/ ehfdxvh pdq| glvwulfwv kdyh yhu| ihz Fkdswhu 44 fdvhv/ dqg dwwhpswlqj wr dvvljq d
up wr d jlyhq krph glvwulfw zrxog hqwdlo vxevwdqwldo huuru1
Edvhg rq lqirupdwlrq iurp wkh GdwdVrxufh/ zklfk zdv vxssohphqwhg wkurxjk qhzvsdshu
vhdufkhv zkhqhyhu qhfhvvdu|/ wkh rxwfrph ri d up*v edqnuxswf| zdv fodvvlhg dv d uhrujdql0
}dwlrq ru d oltxlgdwlrq2vdoh1 D uhrujdql}dwlrq zdv frghg li wkh up hphujhg iurp edqnuxswf|
dv d jrlqj frqfhuq zlwk dw ohdvw sduw ri lwv ruljlqdo rshudwlrqv lqwdfw/ zlwkrxw ehlqj dftxluhg
e| ru phujhg zlwk dq douhdg| h{lvwlqj up1 Lghqwli|lqj d glvwlqfwlrq ehwzhhq d oltxlgdwlrq
dqg d vdoh zdv pruh vxewoh dqg uhtxluhg pruh mxgjphqw fdoov1 Vlqfh wkh ghvfulswlyh vwdwlvwlfv
ri vrog dqg oltxlgdwhg upv duh vlplodu/ exw wklv jurxs lv txlwh glhuhqw iurp wkh upv wkdw
vxffhvvixoo| uhrujdql}h/ zh fkrvh d elyduldwh fodvvlfdwlrq v|vwhp wr lghqwli| wkh rxwfrphv ri
fdvhv dv uhrujdql}hg ru qrw1
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Vxppdu| Vwdwlvwlfv

Wdeoh 4 ghvfulehv wkh fkdudfwhulvwlfv ri wkh Ghodzduh lqfrusrudwhg upv lq wkh vdpsoh/ jurxshg
e| wkh Ghodzduh olqj ghflvlrq1

Vlqfh doo ri wkhvh upv duh holjleoh wr oh lq Ghodzduh e|

yluwxh ri wkhlu vwdwh ri lqfrusrudwlrq exw qrqh zhuh khdgtxduwhuhg lq Ghodzduh/ zh fdq dvvxph
wkdw doo upv lq Wdeoh 4 kdg d fkrlfh ri yhqxhv1 Wdeoh 4 surylghv vrph suholplqdu| hylghqfh
uhjduglqj wkh w|shv ri upv wkdw duh pruh olnho| wr orrn wr Ghodzduh wr uhrujdql}h1

Vlqfh

wkh prwlyhv iru fkrrvlqj rqh frxuw ryhu dqrwkhu duh ohvv reylrxv zkhq wkh edqnuxswf| lv
suhsdfndjhg +vlqfh wkh srwhqwldo ri wkh frxuw wr dhfw wkh rxwfrph lv uhgxfhg, zh fdofxodwh
phdqv ri wkh uhohydqw yduldeohv zlwk dqg zlwkrxw suhsdfnv1 Zlwk suhsdfnv lqfoxghg/ 7:19(
ri wkh holjleoh upv fkrvh Ghodzduh> zlwk suhsdfnv h{foxghg wkh jxuh gursv voljkwo| wr 7717(1
Dv h{shfwhg/ wkh glhuhqfhv dprqj Ghodzduh dqg qrq0Ghodzduh ohuv duh pruh ylvleoh zkhq
zh h{foxgh suhsdfnv vr zh zloo irfxv sulpdulo| rq wkhvh uhvxowv> wkrvh ri wkh vdpsoh dv d zkroh
duh vlplodu1
Rxu wkuhh yduldeohv uhodwhg wr up vl}h +errn ydoxh ri wrwdo dvvhwv/ hpsor|hhv/ dqg vdohv,
lqglfdwh wkdw dprqj wkh Ghodzduh0holjleohv/ odujhu upv duh pruh olnho| wr jr wr Ghodzduh1
:

Wkh glhuhqfh lq wkh phdq ri vdohv +58316< wr 479153, lv vljqlfdqw dw wkh 43( ohyho/ zkloh
wkh glhuhqfh lq hpsor|hhv lv vljqlfdqw dw wkh 8( ohyho dqg vxevwdqwldo +569416; wr 45:919:,1
Zkloh Ghodzduh ohuv duh rq dyhudjh 5:( odujhu lq whupv ri errn ydoxh +5:4157 wr 546148,/ wkh
glhuhqfh lq phdqv lv qrw vwdwlvwlfdoo| vljqlfdqw15
Wdeoh 4 uhyhdov vhyhudo rwkhu glhuhqfhv ehwzhhq Ghodzduh dqg qrq0Ghodzduh ohuv1 Zkloh
doo upv lq wkh vdpsoh duh uhodwlyho| srru shuiruphuv/ Ghodzduh ohuv kdyh d vljqlfdqwo| ehwwhu
suh0edqnuxswf| shuirupdqfh wkdq qrq0Ghodzduh ohuv dv phdvxuhg e| wkhlu suh0edqnuxswf|
uhwxuq rq dvvhwv +0137 yv1 0148,1 Wklv pd| lqglfdwh wkdw wkh kljkhu txdolw| upv lq wkh vdpsoh/
wkrvh wkdw duh pruh olnho| wr uhrujdql}h wkdq oltxlgdwh/ duh pruh olnho| wr vhhn rxw Ghodzduh1
Dqrwkhu lpsruwdqw glhuhqfh frqfhuqv wkh h{shulhqfh ri wkh dowhuqdwlyh rswlrq= wkh frxuw lq
wkh vwdwh ri wkh up*v khdgtxduwhuv1 Wkh upv wkdw ohg lq Ghodzduh fdph iurp vwdwhv zkrvh
edqnuxswf| frxuwv kdqgohg dq dyhudjh ri 4631:4 exvlqhvv Fkdswhu 44 fdvhv lq 4<<:1

Wkh

dyhudjh h{shulhqfh iru wkh qrq0Ghodzduh ohuv lv 4<51;: fdvhv/ zklfk lv vljqlfdqwo| odujhu dw
wkh 4( ohyho1 Wklv lqglfdwhv wkdw frxuw h{shulhqfh fdq sod| dq lpsruwdqw uroh lq edqnuxswf|>
zh zloo whvw wklv k|srwkhvlv odwhu lq wkh sdshu1 Ilqdoo|/ wkh Ghodzduh ohuv* khdgtxduwhuv lv
forvhu wr Zloplqjwrq= wkh dyhudjh Ghodzduh ohu lv 9;3 plohv iurp Zloplqjwrq zkloh wkh qrq0
Ghodzduh ohuv duh ;3; plohv dzd| +wkh glhuhqfh lv qrw vljqlfdqw,1 Lw lv dovr lqwhuhvwlqj wr
qrwh wkdw wkh dyhudjh glvwdqfh ehwzhhq Ghodzduh dqg qrq0Ghodzduh ohuv jurzv zkhq suhsdfnv
duh h{foxghg/ lpso|lqj wkdw wkh frvw ri wudyhoolqj wr dq rxwvlgh yhqxh ghshqgv srvlwlyho| rq
wkh ohqjwk ri wkh wlph vshqw lq frxuw1
Zlwk uhvshfw wr pdqdjhuldo fkdudfwhulvwlfv/ ihz pdmru glhuhqfhv hphujh1 Ghodzduh ohuv
kdyh d vpdoohu dyhudjh htxlw| vwdnh dqg orzhu whqxuh/ exw duh pruh kljko| sdlg1 Qrqh ri wkhvh
glhuhqfhv duh vljqlfdqw1 Lqwhuhvwlqjo|/ Ghodzduh upv duh pruh olnho| wr kdyh d FHR zkr
lv d surihvvlrqdo uhvwuxfwxulqj h{shuw +148 yv1 139,/ surylglqj vrph hylghqfh wkdw h{shulhqfh
ri pdqdjhphqw zlwk uhvshfw wr edqnuxswf| lv d idfwru lq wkh olqj ghflvlrq1

Lw pd| dovr

vxjjhvw d suhihuhqfh iru Ghodzduh e| edqn ohqghuv/ zkr duh riwhq lqvwuxphqwdo lq uhsodflqj
wkh lqfxpehqw FHR zlwk wkh uhvwuxfwxulqj frqvxowdqw1
Wdeoh 5 uhshdwv wkh frpsdulvrq ri phdqv/ frqvlghulqj doo upv dv Ghodzduh0holjleoh1 Whq
upv lq wkh vdpsoh zkr zhuh qrw lqfrusrudwhg ru khdgtxduwhuhg lq Ghodzduh zhuh deoh wr oh
wkhuh zlwkrxw dq| dssduhqw frqqhfwlrq wr wkh vwdwh/ vxjjhvwlqj wkdw vrph upv xvhg dowhuqdwlyh
phdqv vxfk dv olqj wkurxjk dq d!oldwh1

Zkhq doo upv duh lqfoxghg lq wkh vdpsoh/ wkh

uhvxowv dsshdu vlplodu wr wkrvh lq Wdeoh 4/ zlwk wkh vl}h glvsdulwlhv ehwzhhq Ghodzduh dqg
5 Iru

wkh yduldeohv wrwdo dvvhwv/ vdohv/ hpsor|hhv/ glvwdqfh/ dqg h{shulhqfh/ zh uhsruw jhrphwulf phdqv vlqfh

zh zloo eh xvlqj orjdulwkplf vshflfdwlrqv dqg wkhvh yduldeohv +sduwlfxoduo| wkh vl}h yduldeohv, duh vnhzhg wr
wkh uljkw1

;

qrq0Ghodzduh ohuv jurzlqj1 Pdq| ri wkh vpdoohu dqg pruh forvho|0khog upv lq wkh vdpsoh
zhuh qrw Ghodzduh0lqfrusrudwhg dqg wkxv zhuh pxfk pruh olnho| wr oh lq wkhlu krph vwdwh1
Dv d urexvwqhvv fkhfn rq wkh gdwd/ zh zloo h{dplqh vshflfdwlrqv ri wkh olqj fkrlfh wkdw
frqvlghu rqo| wkh Ghodzduh0lqfrusrudwhg upv wr eh holjleoh/ dqg rwkhuv wkdw dvvxph doo upv
duh holjleoh1
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Zklfk upv fkrvh GhodzduhB

Wkh vxppdu| vwdwlvwlfv lq Wdeohv 4 dqg 5 jlyh xv dq hduo| lqglfdwlrq wkdw up fkdudfwhulvwlfv/
dqg qrw pdqdjhphqw fkdudfwhulvwlfv/ gulyh wkh olqj ghflvlrq1 Wkh gdwd lq Wdeoh 6 uhlqirufh
wklv k|srwkhvlv1 Ixuwkhupruh/ wkh uhvxowv lqglfdwh wkdw d vxevwdqwldo shufhqwdjh ri wkh yduld0
wlrq lq wkh olqj ghflvlrq +xs wr 63(, fdq eh suhglfwhg e| wkhvh up0ohyho fryduldwhv1 Yhqxh
fkrlfh vhhpv idu iurp d udqgrp dvvljqphqw/ wkxv d surshu hydoxdwlrq ri wkh h!fdf| +ru odfn
wkhuhri, ri wkh Ghodzduh frxuw uhodwlyh wr rwkhu edqnuxswf| frxuwv vkrxog wdnh lqwr dffrxqw
wkh glhulqj fkdudfwhulvwlfv ri wkh upv wkdw whqg wr oh wkhuh1
Wdeoh 6 uhsruwv uhvxowv iurp surelw prghov/ zkhuh wkh ghshqghqw yduldeoh lv dq lqglfdwru
wkdw htxdov rqh zkhq wkh up ohv lq Ghodzduh1 Zh uhsruw vshflfdwlrqv rq erwk wkh qduurz
dqg eurdg ghqlwlrq ri Ghodzduh holjlelolw|/ dqg zlwk dqg zlwkrxw suhsdfnv1

Lw pd| eh

txhvwlrqdeoh wr dvvxph wkdw wkh idfwruv dhfwlqj wkh yhqxh fkrlfh lq d uhjxodu Fkdswhu 44
zrxog eh wkh vdph lq d suhsdfn1 Qhyhuwkhohvv/ lw pd| eh wkh fdvh wkdw wkh suhsdfndjhg sodq
lv vkdshg zlwk d sduwlfxodu frxuw lq plqg/ ru pruh olnho|/ wkh wkuhdw ri olqj d uhjxodu fdvh lq d
sduwlfxodu frxuw zloo dhfw wkh whupv ri wkh suhsdfn1 Dv zh fdq vhh/ krzhyhu/ wkh Svhxgr0U2
ydoxhv duh kljkhu zkhq suhsdfnv duh h{foxghg +14483 lq vshflfdwlrq +4, frpsduhg wr d phgldq
ri 15<77 lq +5,+8,,1
Wkh uhvxowv vxjjhvw wkdw wkh suredelolw| ri d Ghodzduh olqj lv kljkhu iru upv zlwk pruh
hpsor|hhv dqg orzhu vdohv uhyhqxh/ dqg wkhvh uhodwlrqvklsv duh urexvw wr wkh ydu|lqj vdpsohv
dqg htxdwlrq vshflfdwlrqv1

Wkh frh!flhqwv lq htxdwlrq +6, vxjjhvw wkdw/ doo hovh htxdo/ d

up wkdw kdv wzlfh dv pdq| hpsor|hhv lv 4718( pruh olnho| wr oh lq Ghodzduh> vlploduo| d
up zlwk wzlfh wkh groodu uhyhqxh lq vdohv lv 4<16( ohvv olnho| wr oh wkhuh1 Jlyhq wkdw zh
duh douhdg| frqwuroolqj iru wkh errn ydoxh ri dvvhwv/ wkh hpsor|hh dqg vdohv yduldeohv pd| eh
slfnlqj xs lqgxvwu|0ohyho hhfwv1 Zkloh zh duh qrw frqfhuqhg zlwk lqgxvwu| glhuhqfhv shu
vh/ lw lv fhuwdlqo| srvvleoh wkdw wkh frpsoh{lw| ri wkh edqnuxswf| surfhvv ydulhv dffruglqj wr
wkhvh fkdudfwhulvwlfv/ dqg wkdw wklv dhfwv yhqxh fkrlfh1 Zh zloo h{soruh wklv srvvlelolw| odwhu
<

lq wkh sdshu1
Lq whupv ri wkh up txdolw| yduldeohv/ wkh uhvxowv duh pl{hg1 Errn ohyhudjh fdq eh vhhq dv
d sur{| iru up txdolw| frqglwlrqdo rq ehlqj lq Fkdswhu 44/ vlqfh wkh kljko|0ohyhuhg upv lq
wkh vdpsoh duh pruh olnho| wr eh qdqfldoo| glvwuhvvhg zlwkrxw ehlqj hfrqrplfdoo| glvwuhvvhg1
Lq rwkhu zrugv/ wkh kljko| ohyhuhg upv pd| eh lq Fkdswhu 44 vroho| wr { dq lqdssursuldwh
fdslwdo vwuxfwxuh/ khqfh wkhlu jrlqj0frqfhuq ydoxh lv pruh olnho| wr h{fhhg wkhlu oltxlgdwlrq
ydoxh1 Wkh frh!flhqw rq errn ohyhudjh lv vpdoo dqg lqvljqlfdqw1 Rq wkh rwkhu kdqg/ upv
zlwk kljkhu suh0edqnuxswf| uhwxuq0rq0dvvhwv +URD, vhhp pruh lqfolqhg wr fkrrvh Ghodzduh1
Htxdwlrq +6, vxjjhvwv wkdw d Ghodzduh0holjleoh up zlwk dq URD wkdw lv rqh vwdqgdug ghyldwlrq
+168, kljkhu zloo eh dssur{lpdwho| 4;( pruh olnho| wr oh dzd| iurp krph1
Lq dgglwlrq wr up fkdudfwhulvwlfv/ rxu yduldeohv uhodwhg wr up orfdwlrq dqg frxuw fkdudf0
whulvwlfv kdyh odujh h{sodqdwru| srzhu lq suhglfwlqj yhqxh fkrlfh1 D odujhu glvwdqfh ri up
khdgtxduwhuv iurp Ghodzduh surylghv d vwurqj qhjdwlyh lqfhqwlyh wr oh/ lqglfdwlqj wkdw wkh
sduwlhv lq wkh up pdnlqj wkh yhqxh ghflvlrq lqwhuqdol}h wkh gluhfw dqg lqgluhfw frvwv ri wudyho1
Lqwhuhvwlqjo|/ wkh lqwhudfwlrq ri errn ydoxh dqg glvwdqfh lv srvlwlyh dqg vljqlfdqw/ lpso|lqj
wkdw wkh glvwdqfh hhfw lv odujhu iru upv zlwk vpdoohu errn ydoxh1 Wklv lv frqvlvwhqw zlwk wkh
frvwv ri wudyho kdylqj d {hg frpsrqhqw wkdw lv pruh hdvlo| eruqh e| d odujhu up/ vlqfh wklv
{hg frvw lv d vpdoohu shufhqwdjh ri up ydoxh1 Iljxuh 4 judskv wklv uhodwlrqvkls iru ydulrxv
up vl}hv edvhg rq wkh frh!flhqw hvwlpdwhv lq htxdwlrq +6,/ vkrzlqj wkh hhfw ri d fkdqjh lq
wkh glvwdqfh iurp Zloplqjwrq rq wkh suredelolw| ri olqj zlwk wkh Zloplqjwrq frxuw1
Dqrwkhu fulwlfdo ghwhuplqlqj idfwru lq wkh ghflvlrq ri zkhwkhu wr fkrrvh Ghodzduh lv wkh
uhohydqw dowhuqdwlyh= d frxuw lq wkh vwdwh ri wkh up*v khdgtxduwhuv1 Wkh yduldeoh krph0frxuw
fdvhv lv d sur{| iru wkh h{shulhqfh ri wkh krph frxuw/ dv phdvxuhg e| wkh dyhudjh qxpehu
ri exvlqhvv Fkdswhu 44 fdvhv shu frxuw lq d jlyhq vwdwh1

Dowkrxjk Ghodzduh kdv rqo| rqh

edqnuxswf| glvwulfw/ pdq| rwkhu vwdwhv kdyh wzr ru pruh1 D pruh suhflvh frpsdulvrq zrxog
slw Ghodzduh djdlqvw hdfk qrq0Ghodzduh glvwulfw/ vlqfh d ghewru*v olqj rswlrqv duh edvhg rq
wkh uhohydqw glvwulfwv1 Jlyhq wkdw Ghodzduh*v vlqjoh glvwulfw lv ehlqj frpsduhg wr wkh pxowlsoh
glvwulfwv ri rwkhu vwdwhv/ rxu qglqjv duh olnho| wr xqghuvwdwh wkh frqwudvw ehwzhhq Ghodzduh
dqg rwkhu srvvleoh olqj orfdwlrqv1 Khuh zh qg d vwurqj qhjdwlyh hhfw ri frxuw h{shulhqfh
rq wkh suredelolw| ri d Ghodzduh olqj1 Wkh frh!flhqw lq vshflfdwlrq +6, lpsolhv wkdw d rqh
vwdqgdug ghyldwlrq lqfuhdvh lq wkh h{shulhqfh ri wkh krph frxuw pdnhv d up dssur{lpdwho|
4;( ohvv olnho| wr jr wr Ghodzduh1
Vshflfdwlrq +7, orrnv ixuwkhu lqwr wkh h{shulhqfh yduldeoh wr glvfryhu zklfk w|shv ri upv
qg lw prvw dgydqwdjhrxv wr ohdyh dq lqh{shulhqfhg krph0frxuw iru Ghodzduh1

43

Zh h{shfw

wkdw wkh pruh frpsolfdwhg edqnuxswflhv zrxog ehqhw pruh iurp d frxuw zlwk pruh h{shuwlvh1
Zh lqwhudfw wkh h{shulhqfh yduldeoh zlwk wkuhh yduldeohv uhodwhg wr up vl}h/ zklfk zh h{shfw
wr lqfuhdvh wkh frpsoh{lw| ri wkh edqnuxswf| fdvh= errn ydoxh/ hpsor|hhv/ dqg vdohv1

Zh

qg wkdw wkh lqwhudfwlrq ri frxuw h{shulhqfh zlwk hpsor|hhv lv qhjdwlyh dqg wkh odujhvw lq
pdjqlwxgh/ zkloh wkh rwkhu wkuhh lqwhudfwlrqv +qrw uhsruwhg, kdyh vpdoo dqg lqvljqlfdqw
srvlwlyh frh!flhqwv1

Zkloh qrqh ri wkh lqwhudfwlrq whupv lv vljqlfdqw/ wkh srlqw hvwlpdwh

vxjjhvwv wkdw hpsor|hh0lqwhqvlyh upv duh pruh frqfhuqhg zlwk fkrrvlqj dq h{shulhqfhg yhqxh1
D up zlwk pruh hpsor|hhv/ wkhq/ frxog lpso| d pruh frpsolfdwhg edqnuxswf| surfhvv1 Zh
zloo orrn iru pruh hylghqfh ri wklv k|srwkhvlv lq vhfwlrq 7 zkhq zh frqvlghu wkh ghwhuplqdqwv
ri wkh ohqjwk ri wkh edqnuxswf| fdvh16
Ilqdoo|/ htxdwlrq +8, uhsolfdwhv +6, zlwk wkh dgglwlrq ri wkh pdqdjhuldo fkdudfwhulvwlfv= FHR
whqxuh/ htxlw| rzqhuvkls/ dqg d gxpp| yduldeoh lqglfdwlqj wkdw wkh FHR zdv d uhvwuxfwxulqj
frqvxowdqw17 Wkh rzqhuvkls yduldeoh lv idluo| odujh dqg qhjdwlyh/ lqglfdwlqj wkdw d FHR zlwk
juhdwhu rzqhuvkls lv ohvv olnho| wr oh lq Ghodzduh/ zkloh uhvwuxfwxulqj frqvxowdqwv dsshdu
voljkwo| pruh olnho| wr oh wkhuh1 Qrqh ri wkhvh frh!flhqwv/ krzhyhu lv vwdwlvwlfdoo| vljqlfdqw/
dqg zh idlo wr uhmhfw wkh k|srwkhvlv wkdw wkhvh pdqdjhuldo yduldeohv wdnhq mrlqwo| kdyh qr hhfw
rq wkh olqj ghflvlrq18
Wr vxppdul}h/ wkh fkrlfh ri yhqxh dsshduv wr eh d fduhixoo| fdofxodwhg ghflvlrq e| wkh
up/ edvhg rq lwv rzq fkdudfwhulvwlfv dqg wkrvh ri wkh frxuwv lq zklfk lw pd| oh1 Ilupv wkdw
fkrrvh wr dvvxph wkh frvwv ri olqj lq Ghodzduh dsshdu wr eh khdowklhu upv/ zlwk srwhqwldoo|
pruh frpsolfdwhg edqnuxswf| fdvhv1 Wkh h{shulhqfh ri wkh Ghodzduh frxuw lq odujh Fkdswhu
44v vhhpv wr kdyh ehhq dq lpsruwdqw vhoolqj0srlqw/ dv upv iurp ohvv h{shulhqfhg vwdwhv zhuh
wkh prvw olnho| wr wdnh dgydqwdjh ri wkhlu delolw| wr xvh dq dowhuqdwlyh yhqxh1
fkdudfwhulvwlfv/ rq wkh rwkhu kdqg/ whoo xv yhu| olwwoh1

Pdqdjhuldo

Li wkh Ghodzduh frxuw +ru dq| rwkhu

frxuw, frpshwhg iru edqnuxswf| exvlqhvv e| rhulqj d uhrujdql}dwlrq fkdswhu wkdw zdv iulhqgo|
wr pdqdjhuv/ lw glg qrw kdyh d ylvleoh hhfw lq hqfrxudjlqj pruh srzhuixo2hqwuhqfkhg FHRv
wr wdnh dgydqwdjh1 Lq wkh qh{w vhfwlrq/ zh wxuq wr wkh rxwfrphv ri wkh fdvhv/ zkhwkhu upv
uhrujdql}h ru oltxlgdwh2vhoo lq edqnuxswf|/ wr ghwhuplqh wkh zd|v lq zklfk wkh fkrlfh ri yhqxh
fdq dhfw wkh idwh ri wkh up1
6

Iru lqwhuhvwv ri vsdfh wkh lqvljqlfdqw lqwhudfwlrq whupv zhuh rplwwhg1 Qrqh ri wkh hvwlpdwhg frh!flhqwv

kdg d s0ydoxh ehorz 181
7 FHR frpshqvdwlrq zdv dovr xvhg lq vrph vshflfdwlrqv exw zdv qrw lqfoxghg iru wkh lqwhuhvw ri vsdfh> lw
wrr kdg d vpdoo lqvljqlfdqw hhfw rq wkh olqj fkrlfh1
8 Uhvxow edvhg rq olnholkrrg udwlr whvw xvlqj wkh revhuydwlrqv lq htxdwlrq +8, iru zklfk qrqh ri wkh yduldeohv
duh plvvlqj1 S0ydoxh ri "5 whvw lv 199381
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Yhqxh fkrlfh dqg rxwfrph phdvxuhv
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Suhglfwlqj uhrujdql}dwlrq

Lq wklv vhfwlrq/ zh h{dplqh rqh srwhqwldo wuhdwphqw hhfw ri d edqnuxswf| frxuw/ zkhwkhu ru
qrw d up wkdw ohv lq wkh frxuw lv deoh wr vxffhvvixoo| uhrujdql}h1 Zh zloo djdlq h{dplqh wkh
uhvxowv ri surelw prghov/ zkhuh wkh ghshqghqw yduldeoh lv qrz htxdo wr rqh li wkh up hphujhv
iurp Fkdswhu 44 uhrujdql}hg dqg }hur rwkhuzlvh1 Ehiruh dqdo|}lqj wkh gdwd/ wzr lpsruwdqw
srlqwv vkrxog eh pdgh1

Iluvw/ lw lv qrw qhfhvvdulo| wuxh wkdw d vxffhvvixo uhrujdql}dwlrq lv

wkh prvw ghvludeoh rxwfrph iurp dq h!flhqf| shuvshfwlyh= pdq| upv hqwhulqj Fkdswhu 44
zrxog jhqhudwh juhdwhu ydoxh ehlqj oltxlgdwhg ru vrog udwkhu wkdq frqwlqxhg1 Wkxv/ d frxuw
zlwk d kljkhu surshqvlw| wr uhrujdql}h d up lv qrw qhfhvvdulo| ehwwhu ru zruvh1 Rxu sulpdu|
jrdo lq wklv vhfwlrq lv wr lghqwli| dq| glhuhqfhv ehwzhhq Ghodzduh dqg rwkhu frxuwv wr vhh li d
juhdwhu2ohvvhu fkdqfh ri uhrujdql}dwlrq frxog kdyh ehhq d uhdvrq iru fkrrvlqj Ghodzduh1 Zh
zloo/ krzhyhu/ dwwhpsw wr gudz vrph lqihuhqfhv derxw wkh h!flhqf| ri wkh Ghodzduh wuhdwphqw
e| frpsdulqj wr lwv frpsdudeo|0h{shulhqfhg dqg ohvv0h{shulhqfhg shhuv19
Vhfrqg/ zh kdyh vhhq iurp wkh suhylrxv vhfwlrq wkdw wkh fkdudfwhulvwlfv ri upv wkdw
fkrrvh Ghodzduh duh txlwh glhuhqw iurp wkrvh wkdw xvh wkhlu krph frxuw +ru d qrq0Ghodzduh
uhprwh yhqxh,1 Li wkhvh glhuhqfhv duh fdswxuhg hqwluho| e| wkh frqwuro yduldeohv xvhg lq wkh
uhjuhvvlrqv +l1h1 vl}h/ hpsor|hhv/ URD/ hwf1, wkhq d vlpsoh Ghodzduh gxpp| yduldeoh zloo jlyh
xv dq hvwlpdwh ri wkh wuhdwphqw hhfw ri wkh frxuw= zkhwkhu Ghodzduh zdv pruh ru ohvv olnho| wr
uhrujdql}h d up/ frqwuroolqj iru lwv fkdudfwhulvwlfv1 Li wkhuh duh rwkhu xqrevhuyhg yduldeohv/
krzhyhu/ wkdw pdnh d up pruh olnho| wr uhrujdql}h dqg wkhvh yduldeohv duh fruuhodwhg zlwk
wkh ghflvlrq wr oh lq Ghodzduh/ wkhq rxu hvwlpdwh ri wkh Ghodzduh wuhdwphqw hhfw zloo eh
eldvhg1 Zh dwwhpsw wr fruuhfw iru wklv qrq0udqgrp yhqxh vhohfwlrq e| xvlqj elyduldwh surelw
dqg lqvwuxphqwdo0yduldeohv hvwlpdwhv dqg frpsdulqj wkhvh wr wkh vlpsoh vlqjoh0htxdwlrq surelw
prghov1
Wdeoh 7 olvwv ydulrxv vshflfdwlrqv iru wkh vlqjoh0htxdwlrq surelw hvwlpdwhv ri wkh sure0
delolw| ri uhrujdql}lqj1

Dv zh pljkw h{shfw/ wkh suredelolw| ri vxffhvvixo hphujhqfh iurp

Fkdswhu 44 lv srvlwlyho| uhodwhg wr wkh up*v vl}h +errn ydoxh,/ dqg wkh wzr phdvxuhv ri lwv
txdolw|/ URD dqg ohyhudjh1 Djdlq/ pdqdjhuldo fkdudfwhulvwlfv dsshdu wr kdyh olwwoh/ li dq|/
9 Lq

rwkhu vshflfdwlrqv +qrw uhsruwhg, zh dwwhpswhg wr whvw zkhwkhu Ghodzduh rxwfrphv zhuh pruh ru ohvv
uhvsrqvlyh wr up yldelolw| +phdvxuhg e| URD, wkdq rwkhu fdvhv e| lqwhudfwlqj wkh Ghodzduh gxpp| zlwk
wkh URD yduldeoh1 Wkh lqwhudfwlrq whup zdv srvlwlyh/ vxjjhvwlqj wkdw Ghodzduh fdvhv duh pruh uhvsrqvlyh wr
up yldelolw|/ exw wkh frh!flhqwv zhuh qrw vwdwlvwlfdoo| vljqlfdqw1
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hhfw rq wkh suredelolw| ri up vxuylydo1 Wklv lv frqvlvwhqw zlwk suhylrxv uhvxowv lqglfdwlqj
wkh kljk ghjuhh ri pdqdjhuldo wxuqryhu lq dqg durxqg edqnuxswf| +Krwfknlvv +4<<8,/ OrSxfnl
dqg Zklwirug +4<<6,,1 Lq htxdwlrqv +4,0+6,/ wkh hhfw ri olqj lq Ghodzduh lqfuhdvhv wkh sure0
delolw| ri uhrujdql}dwlrq ehwzhhq 44 dqg 4:19 shufhqw> wkh hhfw lv qrw vwdwlvwlfdoo| vljqlfdqw
lq wzr ri wkh wkuhh vshflfdwlrqv1 Lw dsshduv/ wkhq/ wkdw wkhuh lv qr vwdwlvwlfdoo| lghqwldeoh
whqghqf| ri Ghodzduh mxgjhv wr dyrlg oltxlgdwlrqv zkhq doo rwkhu frxuwv frpsrvh wkh frp0
sdulvrq jurxs1 Wkhuh grhv/ krzhyhu/ dsshdu wr eh d odujh dqg vljqlfdqw glhuhqfh ehwzhhq
h{shulhqfhg frxuwv +lqfoxglqj Ghodzduh, dqg lqh{shulhqfhg frxuwv dv vkrzq lq htxdwlrq +7,1:
Ilupv olqj lq frxuwv zlwk ehorz0phgldq h{shulhqfh duh 561<( ohvv olnho| wr uhrujdql}h wkdq
deryh0phgldq h{shulhqfhg frxuwv> wklv hhfw lv vxusulvlqjo| odujh dqg vljqlfdqw dw wkh 4(
ohyho1; Lq vshflfdwlrq +8,/ zh lqfoxgh wkh orz0h{shulhqfh gxpp| dqg wkh Ghodzduh gxpp|
vlpxowdqhrxvo|1 Wkh frh!flhqw rq wkh Ghodzduh gxpp| lv vpdoo dqg lqvljqlfdqw/ lpso|lqj
wkdw wkh Ghodzduh wuhdwphqw lv vlplodu wr wkrvh ri rwkhu kljk0h{shulhqfhg frxuwv/ exw vljqli0
lfdqwo| glhuhqw iurp frxuwv zlwk orzhu h{shulhqfh/ zklfk duh ohvv olnho| wr uhrujdql}h d up
vxffhvvixoo|1 Wkh orz0h{shulhqfh gxpp| lv djdlq vljqlfdqw dw wkh 8( ohyho1
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Ghyldwlrqv iurp wkh Devroxwh Sulrulw| Uxoh

Zkloh wkhuh lv vrph wkhruhwlfdo ghedwh derxw wkh h!flhqf| ri wkh devroxwh sulrulw| uxoh +DSU,
lq frusrudwh edqnuxswf| +D|rwwh +5335,/ Ehunrylwfk/ Lvudho dqg ]hqghu +4<<:,/ Mdfnvrq +4<;9,/
Sryho +4<<<,/ dqg rwkhuv,/ lw lv fohduo| lq wkh lqwhuhvwv ri mxqlru fodlpdqwv wr vhhn ghyldwlrqv
iurp wklv uxoh zkhq wkh up odqgv lq Fkdswhu 441 Jlyhq wkdw pdqdjhphqw frpshqvdwlrq lv
pruh forvho| wlhg wr wkh ydoxh ri htxlw| udwkhu wkdq up ydoxh/ zh pljkw h{shfw wkdw wkrvh
pdnlqj wkh olqj ghflvlrq vwdqg wr jdlq wkh prvw iurp dfklhylqj ghyldwlrqv iurp DSU lq
edqnuxswf|1 Wklv fuhdwhv d srwhqwldo iru pdqdjhuv wr vkrs iru yhqxhv edvhg rq wkh olnholkrrg
ri hphujlqj zlwk d ydoxdeoh fodlp lq wkh qdo djuhhphqw1

Frxuw glvfuhwlrq fdq dhfw wkh

edujdlqlqj srzhu ri pdqdjhphqw lq vhyhudo zd|v/ prvw qrwdeo| e| h{whqglqj wkh shulrg
gxulqj zklfk pdqdjhphqw kdv h{foxvlyh uljkwv wr vxeplw d uhrujdql}dwlrq sodq1 Zh qrz wxuq
: Vwdwhv

lq wkh vdpsoh wkdw udqnhg dw ru deryh wkh phgldq lq wkh h{shulhqfh ri lwv edqnuxswf| frxuwv zhuh
wkh iroorzlqj= D]/ FD/ GH/ QM/ Q\/ PD/ PG1
; Zlwk uhvshfw wr wkh vwdwh ri olqj/ zh fkrvh wr xvh d gxpp| yduldeoh vshflfdwlrq udwkhu wkdq wkh orj
qxpehu ri fdvhv/ dv zh glg zlwk wkh krph frxuw yduldeoh1 Rxu phdvxuh ri h{shulhqfh lqfoxghv odujh dqg
vpdoo Fkdswhu 44 fdvhv1 Lurqlfdoo|/ zh eholhyh wklv lv ohdvw dssursuldwh iru Ghodzduh/ zklfk kdqgohv odujh fdvhv
glvsursruwlrqdwho| dqg wkxv dsshduv xqghuh{shulhqfhg e| wklv sur{| phdvxuh uhodwlyh wr rwkhu vwdwhv1 Uhvxowv
duh vlplodu/ krzhyhu/ xvlqj wkh orj vshflfdwlrq1
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wr wkh gdwd wr vhh li wkh pruh h{shulhqfhg frxuwv/ sduwlfxoduo| Ghodzduh/ zhuh pruh olnho| wr
frqup sodqv wkdw uhvxowhg lq glvwulexwlrqv wr htxlw|1<
Vlqfh wkh glvwulexwlrq wr ydulrxv fodlpdqw jurxsv duh rqo| dydlodeoh zkhq d sodq lv frq0
uphg/ wkh vdpsoh xvhg lq wkh surelw prghov lq Wdeoh 8 frqvlvwv ri rqo| wkrvh upv wkdw
uhrujdql}hg143 Dv zh pljkw h{shfw/ wkh frh!flhqw rq wkh ohyhudjh yduldeoh lv vwurqjo| qhjd0
wlyh dqg vljqlfdqw= wkh odujhu wkh ydoxh ri ghew fodlpv uhodwlyh wr wkh ydoxh ri wkh up/ wkh
ohvv olnho| lv htxlw| wr hphujh zlwk d ydoxdeoh fodlp1
Wkh uvw wzr vshflfdwlrqv h{dplqh wkh Ghodzduh dqg orz0h{shulhqfh hhfwv/ uhvshfwlyho|/
rq wkh suredelolw| ri htxlw| uhfhlylqj d fodlp frqglwlrqdo rq uhrujdql}dwlrq1

Frpsduhg wr

doo rwkhu frxuwv/ htxdwlrq +4, hvwlpdwhv wkdw Ghodzduh fdvhv duh 541<( ohvv olnho| wr uhvxow lq
d fodlp wr htxlw| frqwuroolqj iru ohyhudjh/ errn ydoxh/ dqg zkhwkhu wkh fdvh lv suhsdfndjhg1
Orz0h{shulhqfh frxuwv/ rq wkh rwkhu kdqg/ duh 4<17( pruh olnho| wr doorz htxlw| wr uhwdlq ydoxh
dv uhsruwhg lq htxdwlrq +5,1 Htxdwlrqv +6, dqg +7, frqup wkhvh uhvxowv dgglqj wkh vdohv dqg
hpsor|hhv yduldeohv dv frqwurov> qhlwkhu ri wkhvh yduldeohv duh vljqlfdqw dqg lqfoxglqj wkhp
uhgxfhv wkh pdjqlwxgh ri wkh hvwlpdwh ri wkh Ghodzduh dqg orz0h{shulhqfh frxuwv1 Edvhg rq
wkhvh hvwlpdwhv/ zh qg qr hylghqfh wkdw Ghodzduh jhqhudwhg exvlqhvv wkurxjk htxlw|0iulhqgo|
uhrujdql}dwlrqv> li dq|wklqj/ h{shulhqfh ohdgv wr d forvhu frqqhfwlrq wr wkh devroxwh sulrulw|
uxoh1
Ehiruh surfhhglqj/ zh vkrxog hpskdvl}h wkdw wkh hvwlpdwhv lq Wdeohv 7 dqg 8 vkrxog eh
wuhdwhg zlwk vrph fdxwlrq1

Dv zh kdyh vhhq lq Wdeoh 6/ wkh fkrlfh ri yhqxh lv idu iurp

udqgrp/ dqg lw dsshduv wkdw wkh khdowklhu upv edvhg rq revhuydeohv zhuh pruh olnho| wr oh
lq Ghodzduh1

Li xqrevhuydeoh idfwruv uhodwhg wr up yldelolw| duh dovr fruuhodwhg zlwk wkh

ghflvlrq wr oh lq Ghodzduh +dv zh zrxog h{shfw,/ wkhq wkh srvlwlyh Ghodzduh hhfw +qhjdwlyh
orz0h{shulhqfh hhfw, rq uhrujdql}dwlrq zloo eh eldvhg xszdug +grzqzdug,1 Vlploduo|/ xqre0
vhuydeoh glhuhqfhv lq up txdolw| fruuhodwhg zlwk wkh olqj ghflvlrq pd| eldv wkh hvwlpdwh
ri wkh glhuhqfhv ehwzhhq frxuwv zlwk uhvshfw wr DSU ghyldwlrqv1

Wkh iroorzlqj vhfwlrq

dgguhvvhv wkhvh lvvxhv1
< Zh

dfnqrzohgjh wkdw htxlw| uhfhlylqj d fodlp ru lqwhuhvw grhv qrw lpso| d ghyldwlrq iurp DSU dqg ylfh0
yhuvd/ wkrxjk wkh wzr duh forvho| uhodwhg1 Vlqfh zh duh lqwhuhvwhg lq wkh prwlyhv xqghuo|lqj yhqxh fkrlfh zh
eholhyh wkh iruphu lv pruh ydoxdeoh khuh1
43
Uhvxowv duh vlplodu +lq sduwlfxodu/ wkh vljqv rq wkh Ghodzduh dqg h{shulhqfh frh!flhqwv, zkhq oltxlgd0
wlrqv2vdohv duh lqfoxghg1 Lq wkhvh uhjuhvvlrqv/ zh frghg d }hur glvwulexwlrq wr htxlw| zkhq wkh up zdv
oltxlgdwhg2vrog dqg qr uhrujdql}dwlrq sodq zdv dydlodeoh +vxfk dv zkhq wkh fdvh zdv frqyhuwhg wr Fkdswhu :,1
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Dffrxqwlqj iru Yhqxh Vhohfwlrq= Elyduldwh Surelw dqg LY hvwl0
pdwhv

Wr dffrxqw iru wkh idfw wkdw wkh fkrlfh ri yhqxh lv qrw udqgrp dqg pd| eldv wkh hvwlpdwh
ri wkh Ghodzduh hhfw rq uhrujdql}dwlrq/ zh hvwlpdwh wkh yhqxh fkrlfh htxdwlrq dqg wkh
uhrujdql}dwlrq htxdwlrq vlpxowdqhrxvo| xvlqj d elyduldwh surelw whfkqltxh wkdw doorzv wkh
huuru whupv lq wkh wzr htxdwlrqv wr eh fruuhodwhg1 Wkh uhvxowv lq wkh uhrujdql}dwlrq htxdwlrqv
++4e,dqg +5e,/ zkloh phdvxuhg zlwk juhdwhu huuru/ duh txdolwdwlyho| vlplodu wr wkh xqlyduldwh
vshflfdwlrqv1 Ehfdxvh ri wkh vpdoo vdpsoh vl}h dqg wkh prghudwh srzhu ri wkh lqvwuxphqwv/
wkh elyduldwh surelw hvwlpdwhv ri wkh Ghodzduh hhfw lv phdvxuhg zlwk juhdwhu huuru exw lv qrw
vljqlfdqwo| glhuhqw iurp }hur1
Lw lv zruwk qrwlqj wkdw wkh hvwlpdwh ri / wkh fruuhodwlrq ehwzhhq wkh huuru whupv lq
wkh yhqxh fkrlfh dqg uhrujdql}dwlrq htxdwlrqv/ lv srvlwlyh1 Wklv lpsolhv wkdw d up zkrvh
xqrevhuydeoh fkdudfwhulvwlfv pdnh lw pruh olnho| wr uhrujdql}h lv pruh olnho| wr kdyh fkrvhq
Ghodzduh1 Wklv lv frqvlvwhqw zlwk wkh idfw wkdw wkh Ghodzduh wuhdwphqw hhfw rq uhrujdql}dwlrq
idoov zkhq zh pryh iurp wkh xqlyduldwh wr wkh elyduldwh prgho= sduw ri wkh Ghodzduh hhfw lq
wkh vlqjoh0htxdwlrq prgho zdv gulyhq e| ehwwhu upv/ zkr zhuh pruh olnho| wr vxuylyh/ olqj
lq Ghodzduh lqvwhdg ri wkhlu krph frxuw1
Lq uhjuhvvlrq +6, lq Wdeoh 9/ zh xvh dq lqvwuxphqwdo yduldeohv dssurdfk wr hvwlpdwh wkh
Ghodzduh wuhdwphqw hhfw1 Wkh glvwdqfh yduldeoh dqg wkh gxpp| iru Ghodzduh lqfrusrudwlrq
duh xvhg dv lqvwuxphqwv iru wkh Ghodzduh olqj gxpp|1 Zkloh wklv phwkrg ljqruhv wkh idfw
wkdw wkh ghshqghqw yduldeoh lv erxqghg/ wkh hvwlpdwh ri wkh wuhdwphqw hhfw kdv ehhq vkrzq
wr eh frqvlvwhqw +Dqjulvw +4<<4,,1 Zh lqfoxgh wklv vshflfdwlrq dv d fkhfn rq wkh elyduldwh
surelw hvwlpdwhv1 Wkh uhvxowv frqup wkdw Ghodzduh lv qrw vljqlfdqwo| glhuhqw iurp rwkhu
frxuwv zlwk uhvshfw wr uhrujdql}lqj d up frqwuroolqj iru lwv fkdudfwhulvwlfv1
Rq wkh rwkhu kdqg/ wkh qhjdwlyh hhfw ri orz h{shulhqfh rq uhrujdql}dwlrq frqwlqxhv wr
krog diwhu fruuhfwlqj iru wkh qrq0udqgrp vhohfwlrq ri upv lqwr d yhqxh1

Lq vshflfdwlrq

+7, zh lqvwuxphqw iru wkh orz0h{shulhqfh gxpp| zlwk d gxpp| yduldeoh wkdw htxdov rqh
li wkh up lv khdgtxduwhuhg lq d orz0h{shulhqfh vwdwh1

Wkh hvwlpdwh ri wkh orz0h{shulhqfh

gxpp| lqfuhdvhv lq pdjqlwxgh iurp wkh surelw hvwlpdwhv lq Wdeoh 7= frxuwv zlwk ehorz0phgldq
h{shulhqfh duh 6617( ohvv olnho| wr uhrujdql}h d jlyhq up wkdq d kljk0h{shulhqfh frxuw> wkh
hvwlpdwh lv vljqlfdqw dw wkh 8( ohyho1
Ilqdoo|/ zh uhshdw wkh LY surfhgxuh zlwk uhvshfw wr ghyldwlrqv iurp devroxwh sulrulw|1 Wkh
gxpp| yduldeohv iru wkh Ghodzduh olqj +htxdwlrq +8,, dqg orz0h{shulhqfh +htxdwlrq +9,, kdyh
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wkh vdph vljqv dv lq wkh vlqjoh0htxdwlrq surelw uhjuhvvlrqv lq Wdeoh 8/ exw duh qrw vwdwlvwlfdoo|
vljqlfdqw1 Zkloh wkh srlqw hvwlpdwhv vxjjhvw wkdw Ghodzduh fdvhv +fdvhv lq orz0h{shulhqfh
frxuwv, duh ohvv +pruh, olnho| wr uhvxow lq ghyldwlrqv iurp sulrulw|/ lw lv pruh uhdvrqdeoh wr
frqfoxgh wkdw frxuwv glg qrw glhu vljqlfdqwo| rq wklv glphqvlrq1 Lq wklv vhqvh/ wkhuh lv qr
hylghqfh ri wkh sur0ghewru eldv ri Ghodzduh frpprqo| flwhg dv wkh fdxvh ri lwv srsxodulw|1

9

Yhqxh fkrlfh dqg vshhg= Suhglfwlqj wlph vshqw lq
edqnuxswf|

Dvlgh iurp wkh xowlpdwh rxwfrphv ri edqnuxswf| fdvhv/ vshhg lv dqrwkhu srwhqwldo glhuhqwldw0
lqj idfwru ehwzhhq frxuwv1 Suhylrxv uhvhdufk kdv hvwdeolvkhg d olqn ehwzhhq wkh wlph vshqw lq
edqnuxswf| dqg wkh orvv ri up ydoxh +Fdudshwr +5334,, Ghodzduh kdv ghyhorshg d uhsxwdwlrq
dprqj sudfwlwlrqhuv iru lwv vshhg dqg h!flhqf| +Vnhho +4<<;,, exw hpslulfdo hylghqfh lv pl{hg1
Hlvhqehuj dqg OrSxfnl +4<<<, qg d vl}hdeoh Ghodzduh vshhg hhfw frqwuroolqj iru errn ydoxh
+477 gd|v idvwhu, exw vwuhvv wkh odfn ri vwdwlvwlfdo vljqlfdqfh ri wklv hvwlpdwh> OrSxfnl dqg
Grkhuw| +5335, dovr qg wkdw wkh Ghodzduh vshhg hhfw lv srvlwlyh/ exw lqvljqlfdqw zkhq
frqwuroolqj iru suhsdfndjhg edqnuxswflhv zklfk duh lqkhuhqwo| idvwhu1
Zh eholhyh wkh dqdo|vlv khuh zloo dgg wr wkh glvfxvvlrq lq vhyhudo zd|v1 Iluvw/ zh xvh d
voljkwo| glhuhqw vdpsoh wkdw lqfoxghv pruh prghudwh vl}h upv wkdw zhuh h{foxghg iurp wkh
OrSxfnl gdwdedvh1

Ehfdxvh ri wklv/ zh fdq dfklhyh d vdpsoh ri uhdvrqdeoh vl}h hyhq zkhq

suhsdfnv duh h{foxghg1 Vhfrqg/ zh lqfoxgh pruh fryduldwhv wr fdswxuh wkh idfw wkdw Ghodzduh/
dv zh kdyh douhdg| vhhq/ dwwudfwv d glhuhqw vxevhw ri upv wkdq rwkhu frxuwv1
Zh irfxv rxu glvfxvvlrq rq upv wkdw vxffhvvixoo| uhrujdql}h udwkhu wkdq upv wkdw olt0
xlgdwh1 Zh eholhyh wklv lv dssursuldwh iru wzr uhdvrqv1 Iluvw/ zh fdq pdlqwdlq d frqvlvwhqw
phdvxuh ri wkh wlph vshqw lq Fkdswhu 44/ qdpho| wkh qxpehu ri gd|v iurp wkh olqj wr wkh
gdwh ri sodq frqupdwlrq1 Lq oltxlgdwlrq dqg vdoh fdvhv/ d {hg h{lw gdwh lv riwhq xqdydlodeoh/
vlqfh vrph fdvhv duh frqyhuwhg wr Fkdswhu :/ dqg pdq| oltxlgdwh zlwkrxw frqupdwlrq ri d
sodq1 Vhfrqg/ vshhg lv pruh olnho| wr eh ehqhfldo zkhq wkh up frqwlqxhv wr rshudwh1 Lq d
oltxlgdwlrq ru vdoh fdvh/ d txlfn vdoh pd| uhvxow lq d uh0vdoh sulfh dqg2ru d plvdoorfdwlrq ri
wkh up*v dvvhwv wr xvhv rwkhu wkdq wkhlu prvw ydoxdeoh1 Iru fdvhv olnh wkhvh/ doorfdwlqj pruh
wlph wr qglqj ex|huv iru wkh dvvhwv pd| eh ehqhfldo1 Iru upv wkdw frqwlqxh wr rshudwh/
krzhyhu/ d txlfnhu h{lw iurp Fkdswhu 44 lv pruh olnho| wr jhqhudwh h!flhqf| jdlqv lq wkh irup
ri ohvv pdqdjhuldo glvwudfwlrq dqg juhdwhu vxssolhu dqg frqvxphu frqghqfh/ lq dgglwlrq wr
wkh gluhfw vdylqjv ri ohjdo dqg dgplqlvwudwlyh ihhv iurp idvwhu hphujhqfh1
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Wdeoh : suhvhqwv wkh uhvxowv zlwk uhvshfw wr wkh ghwhuplqdqwv ri wkh ohqjwk ri wkh Fkdswhu 44
fdvh1 Htxdwlrq +4, uhshdwv wkh hvwlpdwlrq suhvhqwhg lq Hlvhqehuj dqg OrSxfnl +4<<<,/ zkhuh
wkh uhjuhvvruv lqfoxgh rqo| errn ydoxh dqg d Ghodzduh gxpp|/ dqg suhsdfnv duh h{foxghg1
Wkh uhvxowv duh vlplodu wr wkh suhylrxv vwxg|/ dv wkh hvwlpdwhg Ghodzduh vshhg hhfw lv d
vl}hdeoh 438 gd|v exw vwdwlvwlfdoo| lqvljqlfdqw1
Htxdwlrqv +5,0+9, lqfoxgh pruh fryduldwhv/ dqg wkh Ghodzduh hhfw ehfrphv odujhu dv d
uhvxow1 Sduw ri wklv iroorzv iurp wkh idfw wkdw wkh qxpehu ri hpsor|hhv h{sodlqv d vljqlfdqw
dprxqw ri wkh yduldwlrq lq wkh ohqjwk ri wkh Fkdswhu 44 fdvh1

Frh!flhqw hvwlpdwhv udqjh

ehwzhhq 93 dqg :;14/ lpso|lqj wkdw d up zlwk 43( pruh hpsor|hhv zloo uhtxluh dq h{wud
80: gd|v wr frqup d uhrujdql}dwlrq sodq1 Wklv uhlqirufhv wkh sdwwhuq lq wkh gdwd wkdw wkh
qxpehu ri hpsor|hhv lv uhodwhg wr wkh frpsoh{lw| ri d Fkdswhu 44 fdvh> ehfdxvh vxfk fdvhv
zhuh pruh olnho| wr oh lq Ghodzduh/ suhylrxv hvwlpdwhv ri wkh vshhg ri wkh Ghodzduh frxuw
wkdw glg qrw lqfoxgh hpsor|hhv lq wkh uhjuhvvlrq zhuh eldvhg wrzdug }hur1
Lq doo vshflfdwlrqv/ wkh Ghodzduh hhfw lv odujh lq pdjqlwxgh dqg vwdwlvwlfdoo| vljql0
fdqw1

Htxdwlrq +5, hvwlpdwhv wkdw/ frqwuroolqj iru up fkdudfwhulvwlfv/ d Ghodzduh fdvh lv

dq ryhuzkhoplqj 4<9 gd|v idvwhu wkdq fdvhv lq rwkhu frxuwv1

Vlqfh wkh dyhudjh ohqjwk ri

qrq0suhsdfndjhg fdvhv wkdw uhvxow lq uhrujdql}dwlrq lv 7<8 gd|v/ wklv lpsolhv wkdw Ghodzduh lv
hvwlpdwhg wr eh dssur{lpdwho| 73( idvwhu wkdq rwkhu edqnuxswf| frxuwv lq surfhvvlqj odujh
Fkdswhu 44 fdvhv1

Lq htxdwlrqv +6, dqg +7, zh orrn wr wkh frxuw h{shulhqfh yduldeohv dqg

frpsduh zlwk Ghodzduh dqg lwv frpsdudeo|0h{shulhqfhg shhuv1 Dv zlwk wkh uhrujdql}dwlrq
htxdwlrqv/ wkhuh duh odujh glhuhqfhv ehwzhhq h{shulhqfhg dqg lqh{shulhqfhg frxuwv1 Htxdwlrq
+6, vxjjhvwv wkdw frxuwv zlwk orz0h{shulhqfh uhtxluh dq h{wud 55; gd|v wr frpsohwh frqwuroolqj
iru up fkdudfwhulvwlfv> wklv lv vljqlfdqw dw wkh 8( ohyho1 Htxdwlrq +7, uhsruwv vlplodu uhvxowv
xvlqj wkh orz0h{shulhqfh dqg Ghodzduh gxpplhv lq wkh vdph uhjuhvvlrq1

Khuh/ Ghodzduh

uhrujdql}dwlrqv duh hvwlpdwhg wr eh 464 gd|v idvwhu wkdq lwv deryh0phgldq h{shulhqfhg shhuv/
zkloh wkh ehorz0phgldq frxuwv duh 4:8 gd|v vorzhu1 Wkh vshhg glhuhqfh ehwzhhq Ghodzduh
dqg wkh ehorz0phgldq frxuwv +hvwlpdwhg wr eh 639 gd|v, lv h{wuhpho| odujh dqg vljqlfdqw
+s@1346,1
44 Iru

44

uhihuhqfh zh kdyh dovr uxq vshflfdwlrqv lq zklfk zh lqvwuxphqwhg iru wkh Ghodzduh gxpp| dqg

orz0h{shulhqfh gxpp|/ uhvshfwlyho|/ xvlqj wkh vdph lqvwuxphqwv xvhg lq wkh uhrujdql}dwlrq uhjuhvvlrqv> srlqw
hvwlpdwhv ri wkh Ghodzduh vshhg hhfw dqg wkh lqh{shulhqfhg frxuw hhfw duh vlplodu dqg qrw vwdwlvwlfdoo|
glhuhqw iurp wkh ROV hvwlpdwhv/ exw vwdqgdug huuruv duh vxevwdqwldoo| odujhu gxh wr wkh vpdoo vdpsoh ri
uhrujdql}hg upv1

4:

914

Duh hpsor|hhv d sur{| iru frpsoh{lw|B

Wkurxjkrxw wkh hpslulfdo whvwv/ wkh qxpehu ri hpsor|hhv lq d up kdv vxffhvvixoo| h{sodlqhg
pruh ri wkh g|qdplfv ri yhqxh fkrlfh dqg edqnuxswf| rxwfrphv wkdq errn ydoxh/ vdohv/ ru
ohyhudjh1

Ilupv zlwk pruh hpsor|hhv zhuh pruh olnho| wr vhhn rxw Ghodzduh/ dqg kljk0

hpsor|hh upv iurp vwdwhv zlwk lqh{shulhqfhg frxuwv zhuh wkh prvw olnho| wr dvvxph wkh
frvwv ri olqj dzd| iurp wkh krph yhqxh1

Rqh fdq lpdjlqh wzr srvvleoh +qrq0h{foxvlyh,

h{sodqdwlrqv iru wklv uhvxow1 Iluvw/ upv zlwk pdq| hpsor|hhv pd| idfh h{wud suhvvxuh iurp
wkhlu zrunhuv wkdw ohdgv wr d olqj dzd| iurp krph1 D vhfrqg srvvleoh h{sodqdwlrq lv wkdw
kljk0hpsor|hh upv whqg wr eh pruh frpsoh{ fdvhv dqg ehqhw pruh iurp frxuw h{shulhqfh1
Wkrxjk zh fdqqrw glvfrxqw wkh uvw h{sodqdwlrq/ hylghqfh iru wkh frpsoh{lw| k|srwkhvlv
hphujhg zkhq zh orrnhg dw wkh wuhdwphqw hhfw ri edqnuxswf| frxuwv/ qdpho| wkh vshhg ri
wkh surfhvv1 Dprqj wkh vxuylyruv/ kljk0hpsor|hh upv wrrn vljqlfdqwo| orqjhu wr hphujh
iurp Fkdswhu 44 wkdq orz0hpsor|hh upv1 Wkh h{shulhqfhg frxuwv +sduwlfxoduo| Ghodzduh, duh
vljqlfdqwo| idvwhu dqg wkxv pruh dsshdolqj wr d up idflqj d orqj vwd| lq edqnuxswf|1 Dv zh
vdz lq wkh yhqxh fkrlfh uhjuhvvlrqv +Wdeoh +6,,/ zkloh wkh kljk0hpsor|hh upv zhuh pruh olnho|
wr oh lq Ghodzduh +frqvlvwhqw zlwk erwk h{sodqdwlrqv,/ wkh| zhuh sduwlfxoduo| pruh olnho| wr
ohdyh zkhq wkh krph yhqxh zdv ohvv h{shulhqfhg +frqvlvwhqw zlwk frpsoh{lw| k|srwkhvlv,1 Wkh
uhvxowv wdnhq dv d zkroh vxjjhvw wkdw frxuw h{shulhqfh lv sduwlfxoduo| lpsruwdqw lq ghdolqj zlwk
frpsoh{ edqnuxswflhv= qrw rqo| duh wkh pruh h{shulhqfhg frxuwv deoh wr eulqj wkhvh frpsdqlhv
rxw ri Fkdswhu 44 surwhfwlrq idvwhu/ exw wkh| pd| dovr eh suhyhqwlqj d suhpdwxuh oltxlgdwlrq
gxh wr wkhlu h{shuwlvh1
Wdeoh ; olvwv wkh wzhqw| +qrq0suhsdfndjhg, edqnuxswflhv lq rxu vdpsoh zlwk wkh odujhvw
qxpehu ri hpsor|hhv1 Wkhuh dsshduv wr eh d juhdw ghdo ri lqgxvwu|0ohyho vlplodulw| dprqj
wklv jurxs= wkh kljkhvw hpsor|hh upv whqg wr eh uhwdlo vwruhv/ uhvwdxudqw fkdlqv/ dqg khdowk
fduh rujdql}dwlrqv1

Ri wkh wrs 53 upv e| hpsor|hhv/ rqo| rqh fdvh zdv ohg lq d ehorz0

phgldq h{shulhqfhg frxuw +Ehvw Surgxfwv Fr1/ lq Ylujlqld, dqg zdv oltxlgdwhg1 Wkh upv wkdw
uhrujdql}hg wrrn 948 gd|v wr frpsohwh/ zklfk lv 5:( orqjhu wkdq wkh dyhudjh wlph uhtxluhg
e| wkh uhpdlqlqj upv lq wkh vdpsoh1

:

Frqfoxvlrq

Lq wklv sdshu/ zh dwwhpsw wr lvrodwh wkh idfwruv dhfwlqj yhqxh fkrlfh lq Fkdswhu 44 edqn0
uxswf|/ dqg wkh zd|v lq zklfk wkh fkrlfh ri frxuw dhfwv rxwfrphv1 Zh irfxv lq sduwlfxodu
rq wkh Ghodzduh frxuw/ zklfk ehfdph wkh suhplhu yhqxh ri fkrlfh lq wkh 4<<3v dqg d vrxufh
4;

ri frqwuryhuv| iru lwv grplqdqw srvlwlrq1 Wkh edqnuxswf| yhqxh surylvlrqv/ frpelqhg zlwk
Ghodzduh*v surplqhqfh dv d vwdwh ri lqfrusrudwlrq doorzv xv wr lghqwli| d odujh qxpehu ri upv
zlwk dq lghqwldeoh fkrlfh ri yhqxh1 Wklv/ lq wxuq/ khosv xv lghqwli| wkh idfwruv wkdw pdnh d
yhqxh ghvludeoh iru d jlyhq up/ zklfk uh hfwv rq wkh zd| frxuwv zloo frpshwh iru edqnuxswf|
exvlqhvv1
Rxu dqdo|vlv irfxvhv rq wzr frpshwlqj k|srwkhvhv suhylrxvo| lghqwlhg dv gulylqj irufhv
ehklqg yhqxh fkrlfh1 Zh qg qr hylghqfh ri d udfh wr wkh erwwrp lq zklfk djhqf| sureohpv
fdxvh yhqxh fkrlfh wr eh jxlghg e| wkh vhoi0lqwhuhvw ri pdqdjhphqw ru htxlw| dw wkh h{shqvh
ri rwkhu fodlpdqwv1 Fkdudfwhulvwlfv uhodwhg wr pdqdjhuldo lq xhqfh gr qrw dsshdu wr dhfw
yhqxh fkrlfh1 Zh dovr qg qr hylghqfh wkdw frxuwv glhu vljqlfdqwo| zlwk uhvshfw wr doorzlqj
ghyldwlrqv iurp devroxwh sulrulw|1 Li dq|wklqj/ wkh prvw h{shulhqfhg +dqg wkxv prvw srsxodu,
frxuwv zhuh wkh ohdvw olnho| wr doorz htxlw| wr hphujh iurp wkh surfhvv zlwk d ydoxdeoh fodlp1
Lqvwhdg/ h{shulhqfhg frxuwv vhhp pruh deoh wr surgxfh rxwfrphv frqvlvwhqw zlwk h!flhqf|1
Wklv lv prvw hylghqw zlwk uhvshfw wr wkh qxpehu ri gd|v vshqw lq edqnuxswf|= frxuwv zlwk
ehorz0phgldq h{shulhqfh uhtxluh pruh wkdq 533 dgglwlrqdo gd|v wr frpsohwh d jlyhq fdvh1
Rq wklv iurqw/ wkh Ghodzduh frxuw zdv d sduwlfxodu vwdqgrxw/ hyhq zkhq frpsduhg wr rwkhu
kljk0h{shulhqfh frxuwv1 Zh dovr qg wkdw wkh delolw| wr uhrujdql}h ghshqgv vwurqjo| rq wkh
h{shulhqfh ri wkh frxuw/ zlwk kljk0h{shulhqfh frxuwv ehlqj vljqlfdqwo| pruh deoh wr uhrujdql}h
pdujlqdo upv1

Zkhq zh mrlqwo| hvwlpdwh wkh yhqxh fkrlfh dqg uhrujdql}dwlrq htxdwlrqv/

zh qg wkdw lw lv wkh pruh yldeoh upv wkdw fkrrvh wr oh lq Ghodzduh/ erwk lq whupv ri
revhuydeoh idfwruv +vxfk dv suh0edqnuxswf| URD, dqg xqrevhuydeoh idfwruv1 Zkloh glhuhqwldo
suredelolwlhv ri up0vxuylydo pd| kdyh dhfwhg yhqxh fkrlfh/ lw glg qrw kdyh wkh shuqlflrxv
hhfw ri hqfrxudjlqj zhdnhu upv wr vhohfw yhqxhv wkdw lqfuhdvh vxuylydo fkdqfhv/ dv wkh djhqf|
k|srwkhvlv pljkw vxjjhvw1
Iurp d srolf| srlqw ri ylhz/ rxu uhvxowv vxjjhvw ehqhwv dvvrfldwhg zlwk fkrlfh dqg frp0
shwlwlrq iru edqnuxswf| fdvhv145 Hylghqfh vxjjhvwv wkdw rwkhu frxuwv kdyh uhvsrqghg wr wkh
srsxodulw| ri yhqxhv vxfk dv Ghodzduh e| dgrswlqj wkhlu ghvludeoh ihdwxuhv1
frxuw lv d uhfhqw h{dpsoh1

Wkh Frorudgr

Idfhg zlwk wkh uhodwlyh devhqfh ri edqnuxswf| fdvhv/ Frorudgr

edqnuxswf| dwwruqh|v kdyh iruphg d wdvn irufh wr pdnh uhfrpphqgdwlrqv wr wkh edqnuxswf|
frxuw1 Dprqj wkrvh uhfrpphqgdwlrqv lv iru wkh frxuw wr txlfno| dssuryh uvw gd| rughuv
wkdw doorz sd|phqw ri suh0shwlwlrq zdjhv/ d glvwlqfw ihdwxuh ri Ghodzduh fdvhv wkdw frqwulexwh
wr d idvwhu uhrujdql}dwlrq +Vnhho +4<<;,,146
45

Iru d pruh vshflf glvfxvvlrq ri sursrvdov uhodwhg wr yhqxh fkrlfh vhh Udvpxvvhq dqg Wkrpdv +5333, dqg
Vnhho +5333,1
46 Iru pruh lqirupdwlrq rq wkh Frorudgr edqnuxswf| uhirup/ vhh Vwdwh plvvlqj rxw rq edqnuxswf| exvlqhvv

4<

Zh uhfrjql}h wkdw rxu dqdo|vlv grhv qrw h{kdxvw doo srvvleoh idfwruv lq Ghodzduh*v vxffhvv1
Vrph frpphqwdwruv kdyh vxjjhvwhg wkdw jhqhurvlw| lq sd|lqj ghewruv* dwwruqh|v ihhv/ iru
lqvwdqfh/ frxog eh dq lpsruwdqw idfwru +Froh/ +5335,,1 Exw rxu qglqjv vxjjhvw wkdw dwwruqh|v
ihhv duh olnho| wr eh/ dw prvw/ d vpdoo sduw ri d pxfk odujhu slfwxuh1 Uhpdlqlqj iru ixwxuh
uhvhdufk lv wkh lvvxh ri krz eurdgo| rxu uhvxowv dsso| wr rwkhu frqwh{wv1 Wkh idfw wkdw rxu
phdvxuh ri frxuw h{shulhqfh gulyhv wkh nh| uhvxowv vxjjhvwv wkdw wkh ehqhwv ri frpshwlwlrq
iru edqnuxswf| fdvhv vkrxog h{whqg eh|rqg phuho| Ghodzduh gxulqj wkh 4<<3v1

Uhfhqwo|/

d vhulhv ri kljk suroh fdvhv/ lqfoxglqj Hqurq/ Joredo Furvvlqj/ dqg ZruogFrp/ kdyh ohg
iru edqnuxswf| lq Qhz \run/ dqg vhyhudo rwkhuv ohg lq Fklfdjr +NPduw/ Xqlwhg Dluolqhv,1
Dqhfgrwdo hylghqfh vxjjhvwv wkdw wkhvh frxuwv kdyh dgrswhg pdq| ri wkh vdph whfkqltxhv dv
wkh Ghodzduh frxuw1

Ghqyhu Exvlqhvv Mrxuqdo/ Mdqxdu| 44/ 53351
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Figure 1: The Effect of Size and Distance on the Probability of Filing in Delaware
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